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Trratum

P.7 bottom up line 5
"t1," 7,0 changed into "41,°11,"

P.17 line 10 chancad into
"h-(sem)~(v): §v-(sem)~-(v)=-(l)= T => Ofv-(sen)-(v)-(1l)= F "{,end;
h-(sem)-(v): #v-(sen)=-(v)-(l0)= 7= => Q#v~(sem)-(v)-{10) = P ”Toend;"
P.17 line 17 changed into
"h-(sem)-(p): #v-(sem)-(p)-(l)= T => O#v-(sem)-(p)-(1l)= F " 4,end;

"h-(sem)-(p): 4v-(sem)~(p)-(L0)= T => O#v-(sem)-{p)=-(10)= F “4,end;"

PP. 9-12 The sematic transformations of "->" ought tc be changed according
to the follcwing pattern:
2(A-> B} & [B(A); R(B)]
2(R=> (3-> C)) & (a-> B-> C) +> [ 5A); 8(B): 8(¢)]
BA-> (P | Q) &> (&) t1]; 1: B(P); 1: B(Q)

So, the programs in Example 2, 3 must be changed accordingly.
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APPENDIX
Some Basic Features of XYZ/E

(1) In XYL /E, each neme is divided into three parts:(type Symboli<root’(incex.

Ths tyre symbol is always omitied; the oot is an identifier and <he indar is a siring
of nodes connected by hyphens. A node can be an ideniifier or am integsr or an intezer
grouped by braces,.B.g. Jabc-(3)=6gc i3 an nems in whick I is the type, abc is the root
and the rest is the index. Related to the concept of name, a name schema ie an expre-
ssion whose value is a name. The form of a name schexma differe from a name in that in
the forzer an intepgral warisbls can occur within ths braces of z rode, e.g.
Iatc-(dKabc)w=age ic 2 name schema, here #Kabe is & comtier corrasgponding to -be.

(2) Fer a nams v,#v is a general variaple. It regrescnts its valus at prezent tims t,
ofv roprzeents ths value of this varizble at next time.i.e. t+l. o"¢v reprecents ths
valaue at tims t+k. 7o mzske use of this convention, we can repressnt aseignment veevl
as ofvefv+liand also goto p can be exprocsed as oflbap, hers ¢1b is a special general
veriable usad to indicate the current comtrel lzbels, In this way, both assignmer: and
gd'bo becems  equationd., We call the éqmtim with 41b in i% a 1> eguation. oflbep can

be abbreviated 2z p and #1lbep a8 V.

(3) We uza the 1b eguaiioms or their ab.ceviztod forms to express not cniy the control

2lew of stataments i.e. compound statemant, case statemsnt and loop, tut also various
data structurss,i.e. record, type union and arrdy, for both are correapondent to
sequencing, branching ard iterat;in{; respectivaly.

(&) Just a3 assigmment ie the basic slement in siatements, so I (integer), C (charzc-
ter string) and B (boclean) are basic ¢iwents in data type. They can be usad both as
type symtcls and as allocaticnal formelas. The latter ars introduced in order to arb-
roviate the former. Besides, there is another aliocaticnal formmla or type which isg
used to represent pointer, i.e. PT hare T is the typs of the cbject to be referenced.

(5) A program is alwsys written with a special f£-ru. which is a series of o called
canditioral emenvnis gcparated by ;. A conditiornal element is of the form .3 waich'

zeans  that if A then B else false. A prograx is always quoted by trackotw ard




a subsequence of conditional elements can also be grouved in that -—wy. The

following is an example of integral sgars root:
O[ #lbeeqrt = oflb=Im;
#il #1baIn » Incflbe=In] ;
do[ #lbmIn =) Iroflb=Ik] ;
4y [ #lbwTk =) Ino#lb=Ip;
#1b=Ip => Inoflb=li ] ;

€a | #lbmll =) oATkmOAO#Ip=inc#lb=12;
#F1DalZA$Ip>$Im = o#lball;
FLowi0N $Tpc4Tm w) OEdml;
Flbs1? & oFIpesIptt 4 Ik+INofThmd Torlaodlibel
FLloall = #Inu-#IkAc;;lb-stQpJ]

This is the internal form of a progran. It ¢ nlower level, In ordsr to transform
it into a higrer level extornal foram, soms abbreviatitn rules are given,s.g. a goto
. staltarent leading o next izbel can always be omitied, eic. (1l). The external form
of abeve exanpla is:

o eqri:
43l miI]; ¢ol niIl; vl k:I; p:I] s
4a] ofk=0Orcfpel ;
12: éprdn =2 114,
Spsm = ofpmpra2x S+ InoflomkibINT 12
L FrmdeAlstop ]
(6) In w:der to use XYZ/E to axpress the formal semantizs of other lancuages, a 1
metalinguage is introduced in which 8'is a gemantic mapping, it maps each construct
of the object language inio a string of entities in XYZ/E; '’ i « replacing symbol;
15f - then-elseif...0lse! is used to distinguish different caces; 'ii boging wita' is

to indicate the begimning section of the string. The intultive meaning cf all chese

syabolism in mstalenguage are cbr;oug.




Expressing The Formal Semantics ¢ TSP and CP or DA Tasking
ith The Temporal Logic Language XIZ/%

Chihegung Tong

in (TL), a temporal logic languase YYZ/Z is introduced. It is a terporal
logic sys%em as well as afﬁmnmmd.ng language, It has two forms: ihe intornel
fom is in lower level, tut. there are  ceveral abhreviation rulews which
can transform a progran in intew Zorm into a higher level euternal form and
vice versa., In the APPENDIY of this papor, some basic featurss of iuis lgnguage
are illustrated,

One of the majer applications of XYZ/Z is fo use it as a means to express
the formal zemantics of other prograrming sysieums including conventlional higher
level languages.For it iz a logic system, 1ic cwn serantics is o8 easily defined
denctaticnally 25 any logic systen; while 3% is alisu 2 lowcer level _anruage,
the senzatics of other pregramuing systauw can be cenveniently mopred into i,
It seems to n= that this apprcach is more notural than denotaticnal szmantics
and also mors elcgant than operationzl zemantles. This papar may heln to shor
that the zore complicated is the problem, the mor: obvious iy ihs acdvexriane
of this arpreaci. Besides, this approzch is very clest to ths real compiler.

T2 /E in itscriginal verzion (71) contains s layer to csscribde Potrd net. It
can exprezs those concurrent or nondeterminate algorithms such as preducer-
cansumer pmceblex or five thilosophers mroblua quite neatly. But this author
finds that Potri net may not bs a suitable mear  to express such concurrent

constructe =8 Hozre's CSP, MaowYeh's CP or ADA Tasking. Tic psper will show

aow to express then with X7ZZ/E. To my surprise, the result ceers very satisfactor. .
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The Formal Semantics of Hoare's CSP

N R

(1) CSP and guarded coxmzand.
concurreat programt: P i L PL//...f/Pn ]
heres Pi :: Si, dsl,...,n, Pi process, Si statemcnt.
staterments includes:
(a2} ingut command: P37x (da Si)
(b) output command: Pily (in Sj)
(c) guarded comrmuds: [BL~S1052-827 4. [BR—c.:]
(d) repotiticn: *[B1.33170 324820 ..a [ 3%+5k)
(¢) skip .nd acsigmeent
(£) atatemsnts sequence: Silj...;Sim
boclean exprressions includes:
() inpat cormend: Pitx {in 33)
(o) output command: Pily (in Si)
{c) cenventiconal boolean expeassicn: Ta
(d) boolwan seguence: Bil;BiZ2;...;Bim
The exact sxplanaticn of thess constructs, see (31),(Al).
(2) Presuppositicn before tranaformation.

(1) Assuming that in $vont of each statement tierw has already beesn a labsl
ard +¢ the rigat of cach process Bl there is a label endi. Censecuently, Jor
cach boolzin exprecsicn or statemamt, & label to its neavest right can alugys
be found. Let nexti be ths nearest label righc o Zi or Si, it car be deter- .
mined in follcwing way:

(a) Far {012i=in'Blieeeibdseeeibkp 1:3) 1 is the nextd for bi.
(B) Foribsim, 30 11:S0; veeildiSl;eee;in:Sny v i8 the nexti for Si,

(¢) If S is tha lasi statement in aay Si (L4i<n) in fallowing Stelcmeni:

01 BLaS1l B29S2{ «us IBnaSal ;3 1:5! , here §zx o emddy,
then 1 is the next for this S.

 ———
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(ii) To eack process Fi in [PL/fF2//...//PN] @ privaie control vuriadle »lbi
or its abbreviated form Ti is assignea and in addition, a commorp ceontrol
variable #1b or! is also availabvle.

($ii) Yo each irput command P3%%xij in Si (or Pi), & boolear #ri is assizned;

To each output command Pilyji in 53 (or Pj), 2 boolean $5ji is assigned.
let Powvu represent either P3ixij or Pilyji.
(3) Tranaformation from CSP to XYZ/E.
(i) Each statersat sequence is transformed into & compound Stazement,i.:.
B(SLjess;Sk) @{’5(81);...;}3(824)]
(ii) Each boclean seguence blje..;bk is transformad into 2 coniwmctisn,i.e.
flotiaes ;bk) @ /" (oA ﬁ(bz).»\. .ot F(bk)
> {”sib) if there ig no input-ocutput cormand irn bl,...,2k;
G :B(Px@mﬂ«lx?(o) if PuBwvu ccours in bl, ... bk.
(iﬁi) The concuwrrent program is transformed as follows:
A(Prs PL33S1/feva//Pnri8n )< B T1BLA o Trbn;
PL: B(51)5ees; Pn:[) (sn);
(iv) Tus zuarded commanis are trensformed in fellowing way {asmuing ia Pi):m
lB(n:[m.yz.i :510 s » o0Bk-2k: SK]; mext:S') @ n:B(BL)m 12:4(81)a%4 zext;
n:p(Bk)=> Le: S(SkIATL next;
N1 f(BL)AeesnnB(Bic)* Ti next;
next: 3(S'});
N¥ote that in the original definition of conditional elements in (T1),
%o conditions with one commor label must be matuzlly contralictory,i.e.
L B’-)Sl'; n: B SZ';
These two conditional elements are lozically equivalent to follcwing
formala: ' if #lben then ( if & then S else S2') else false ! ,
But in pc‘esen£ case the conditions cam. ts true simultanecusly, od

in that situation we have to choose one of those Sifollewing then,

(R) (¥ md (V) are oniv % he Case thal no -n"\\T-OquuT Cummund; w14 1o B0

“+
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The logical meaming of the latier is gquite different from the former.

Let the conditional elarents traneforred from guarded comnants eare:

, r: 3lte 11 Si7; n: B2'w 12: S2¢; n: -B1NA-B2tefaext;

;' . These three conditiomal sliements ars logically equivalent ‘o folicwing canse:

1if ¢loen then (if Bi4B2'then SI¥S2' .

) else (if BY then St

: else (if B2'then 52'else oflbenaxt)))!

here SUV5Z usens “hat (SIvVSZ)A-(S1AS2).

.

(v) The repetitior ii transformed as follows (asgumong in Pi
.

(3(;::* zBl->D.:Sl 0 v..l Bke 1k:SK] )< n:’3(31)->‘11.:l_5(31) i n;

g - csevsensece

n:£(Bk )=, lk:lﬁ(Sk)ATi n;

‘ B :-./5(31),«. . oA“,ﬁ(Bk)u")Ti rext;

For Foze Svarded Commard: {Simllrl,, Fpetiticn) wih ,;./zbr-wt“,wr on B Fe ensfommubm (3 63 in IR0,
‘ ' (&) The wranzferration of input-output commande:
’ | For inpuv-cutpui commands cam coccur as statements and oz boclean axprecsicns.
1 . e divods followirg discuesica inmto . &o cases:

(i) 4s statements (assuuirg in Pi):
For any input commaud Pj?xij cr output cormand Pklvik in Pi, ae pointed out
in (2), 4we boolezrs $rij and $sik have teen aszigned correspording O these
two ccomands respictively. (hen these commands are transferasd as fcllows:
BPIIzL) < OFrideTrl com
B{Pkiyik) « or3iks AT comm
here'comn’is a label in the part common to ail proceesss, In wddition to abore
transforzation, corresponding to Pj?xij we must incert following conditioral
p . elezent under the label comm:
comn: frijmTadajieT S OfxdjegyjisciriFAcyyiieFs 4 nextrijs ) neatsji;
here nextrij, nextsji are the next label of Pj?ij in Pi and that of Filji in

P; respectively. As for PK!ik, we nead not incert the corresponding conditiea-
al eloment in comm, for its input partner Pi?ki in Pk would do that.

5

i
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(i1) Az vooleans (cssuming in Pi):

let us assuze ths gue d comuend $where thoy occar is of followi.  form:
2: Pi11xijlsbls 2t:8:], . IPjatxi jaibae 19:590
Byt bt et VeSL ] ve [ Biolyikg oy 4lg 1 Sg e nds
£L5)6= Ny DA A AT NIV A ATThY S Tend
A DIV vV Bl VeV o3 BORN IS TA AUFT SR TAGE KIZTA ¢ o A unsl «3_-7,1?:0”.”;

As in the case (i), there muat be a conditiornzl element in ccomm correspondirg
to each input cormand, Without loss of generalily, we need on’y consider
?3:’2:::'.31;% can alszo -be safe to assume its partnor ccourring 1o PIl witn
Tellowing contest: FPRlyjlisvisl? 5%, Then s cenditlional s.ezmsat in comx

for PiLTxill here is as Zollicus:

comznt FTijl=TAfs JLI=TABLADY =) ofu Jledyjliscdrd jluFAcds j1inFA

P P - 4 2 -~ P
PPt S AR (PR 7 JLIIAT 1 ATy 17
o - S . (s n ey,
1i/ and r Are _ju;'ﬁ T‘\e lebels nex T to ey ?Xlé‘f “ra PL-,‘/:“ fe,r;cru_::/

» . .. - Be ] ;e N e
4 the Pavlner f-{’_:.’):z 2 oo STuNemen . fTake FUP0IYAEY wozmniy.
Sere F{Pugwva; segresents et all vhose Leolsan inpalecutsuit comzunds
ather then mCiovy but occowrirg in the sasme guardsd corzeuti with fads
FuBwru are &saimmed with the value false; As Tov tne caTpul Litwan Cvmmind,
ey Share The Corem conditional elements wik et Qv'.xm“\ turiney.
Mnally, there are still following labels ard conditiunal elemsnts in Pi:
o\
31 ﬁ(:l),su new
H
IE X ERNRENE N
. ¥
g @(Sq)z..l naxt;
- x
1 5{81Y),L next;
PO 0008 vOoROR
Yebe fi SR
et i_;(Sg)m:. nexty

aere next is the label before the statezznt to the migat of &, ... <ndd

. . -4 ) - el g
PR Ye.JnHm x4 bl aw pand of 20U
< |
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XD

le

ll

(PL//P2/[P3]

Pl P2Tx=y LL1:3150 BLP3ly~ |

To apply the transformation
wrozran ootz:.nec
. T4 piats poat
F: ]l Piri2 P2A(3 P23,
FLl: copilzeTas 31 3=TaToomm;
1i3:4b2AeD3 Wil andl;

113: BeVa3 =

A
111 R(se)natL 113

B2: oorli3aTacegllalicurars s

12105 (35~ T2 23

~ ps
131:0(0l )3 1225
m:@(DZ)-Ta 1333
1

.:(-ﬂb&)A-.(o’,,vTB and?;

comm:

1
ceszt: 5 w2lsuTiyalZaaThdl =
ceim: Ar3lzmTadsldysTatl =

Lym»~ Sl raiie =)

Yeomm .

Lat us ex.ain the acove ransformal:l

Tens - o
! D1e> 132:52 0

5l2asT /\.«*‘r- Pyt ;'7‘

L789 121:53] PLY ve» 222:85 0 F3TE 123:57.; end

~

T2 1%3:59; ena3

-v--u:
Q¥ Cee

is as .cllicus:

T ecmm;

Taflimm,

- Y
._..:1\ < PZ;

Ougn w1s0bT2L smFAOFSiZun
e

- . -« . L
ORPL R ZZIA L

04zmAT  Corilnla

1830E3; PRt usit S S ena,

e2cve we wnia CSP progrem,

-
sl

(ol o
T/

X
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The Tormal Semantics of Zhou«Hoare!s CSF witn Nazed-Charnsels

Zhou-Hoare {ZEl) introduces a formal system to zreate CSF with named channels

and has proved the validity of tha proof rules ty reans of deznotatioreal semantiss.,

In spite of its matnematiczl sophistication, tnat aspreoach scems 4o complicated.

is author finds that the (5P with named chiirnels can be easily ara even more

lal

naturally described with the temporal logic language XIZ,;E with the conssguence that

trhe vroof rules in their system becora thecrems of XYZ/E wnich can ce proved within
the Iramewcrk of temporal 1dgic irnstead of using those complicated iecaniguss of
denctational cemantics.

In order to describe the CSP with named chanrels, or équivalently, we wransfoim
the semantics cf Zhou-dcare's system into LY2/E, we enumerata informally the corres-
pondence of the basic notions of these two systems as follcows:

+The procass in their system is transformed into a procédure in XYZ/E;

:Tne charmels in thneir system are transformed into I/G variables (i.e. input
variacie, outlrut variable, or irput-outpur variabie, they are daclared in %i part,
%o part, or “io par:t raspectively) of the procedurs;

‘The type of ihs valuss of the channels is wreatec as allocational forrmula ; as in
(T2;, we allow sets as allccaticnal formulas;

oIn order to describe the relations between the channels (I/C variables) cf differenl
process:{ rrocedures), an I/C varizble used ouiside the procecure where it is Jdefined,
must have its nare prefixed with the name of the prccedure connected with a hyrchen,
for exanple,dcorier-wiressraccpior~wire® means that the valwe of the channel wire in
in: process cogier is equivalent to the value of the charnel wire in the process reccp.zr

“The process expression of a process equation ( p4P) is transformed into the condi-
tioral expcressicns of the algorithmic part,i.c. %a part of the corresponding rrocedur<

with the convention that the process exvresgi ns are transformed in sccordence with
foliewing rules:

«
>




(1) In order o transfora tae exrressicr o the rorm "A-yB" cxactly, we need wo gfive

some comments or the operation "< " used in {2ZX1), To Iy understandinz, "A4ZY i1 (ZH)
R £5

cugnt have the meaning that "if A then subsequently (or eventually) 3". zut if we

expiain tnis operaticr in this way, the expgression "Ae (3-C;" cuzht to mean watv i
A then subsequently that if Z then subsequentliy C". In this case when 4 Rolds It is

> v N -

not necessary that B must holds subsequently. To judge from w2e examplas in (2315, 1

believe it is rnot what its zuthors intend to rean. I <hink , it is misleading to allc.
x replacing the B in "A->B" with "Ba C 7, So in following discussica, no such xind of
b, e form of the expressica as "A-=»(B-»C)" is allowed. We exgress what such expressicn

intends to express 23 "A<B; B~ C", For this kind o exprecsicn, the Trar Jormaticns ard

2388

Ay

e 3) o aIf3), lam 31 30 Qes BI03 0 505

(2} In "cle>P", 2 is transformed :::to an cutput or input-ouiput variable Fc and e

2 ie trarsformed into a corresponding expressgicn; sc the wnole expressicn 1s transrcrméc
as ylcled P)(—)%c-ﬁ(e)wr’f@). Noie. tais variable »=c must be declared a- the %0 or

<t

art or the procedure.

Ke]

s

o =y
»"' N

Tn “elx: ¥ TV, ¢ is transrermed into an input ¢r input-cutput variable #c which
is ceclarzd at the ¥i part or %io part of the procedure; x is a local variable oI tyD~
M hich is also ¢ls type, declared at #v part of ¢ crocedure, dence, g whole
expression is transformed as P(c?x:M—)P)(-) #om=gx -“Qﬁ(?).

(&) For the exzression (PlQ), we assign a cosmen lacel, say lpq before botnh t
transformed exrressicn of P and that of Q. ’lhus',g((?!Q))u) lpq:F(P); lpq;,’)’(Q);.

;

(5; Ax for (T x)jy @) and {cnan L;F), it is natural to transform ihese forms inzo
erpedding subpro:edures in an outlayer procsdure and expressing the rs.ations ameng
their I/C variables as equations in the 4a part oI the cutlayer procedursa. We 311

explain the transformation by the examples below,

(6) Stop is transformed to stop.




sxarrle 2. Civen following precesc equatici.l o dagi~Hoare's Sistew:
corier — (inputix: 34T o wirelx; wirslz -
reco tler » (wireiy: NAT o outruily; cutritiy - recogier;.

(ohan wire; (CO}_‘leI“ !re:cpier})
et b

: whicn is represented pictorially ty Iollowing figure:

: Cre
v irput 0 copler | wire recopisr __ cutrtut

H 1 ‘ :

1
. 1
.'v N t
,’-‘ { -
‘ 0.
2 The procsdura into that the abeve processes wansformed is z: fsllous:
%p . cre:

$olcutput:¥ATl;

e %p _ copier:
‘i‘:ll. ‘_npun:;‘l}d“ ;

~ el

S :.:3 -.-q..lAM

, . ?’:a{ lo: SANputmsn &) wilrdesy
Fuiresix = Tl
W S v
*p i recopler:

A wre - .
bLy -ﬂm:NA‘j,
4ol e
,-éoLou:;:u‘.;:.‘.\. ;

.

%V J. NAT P
a’;a.{_lr Viiremsy =] eoutiurasy;

. ? i
Foutput=zy = 1=

£
'y
o

lore:  ACopier A farecopier A Mirco:
[orec:  1Cepler=input $HCYC- nevt)

FTOCOLiErnirCe L OpLET~Wile ]

rorc=Oulputseracsplzr-cutrus;’ zores;




[1
S

o

W
\s)

Tre ziven prccesces ¢quations are:

send.r & (input?y:¥ » giyIl).
3.x: M) & (wiralx < (Wirely: {ACH; - senzer wzre.’;':j.z\«(,:.; -
receiver 3 (wirelz: ¥ & {wireldCL | wirallaCk;

~ -

wire!lACK = outputla; outputiz » receliver;
wire!NACK - rocsiver).
crotocol & (cnan wire; (eemuer- CBCELVEr; ¢,

TR

e corresponding picterial representation is as Iellcws:

rrotocel
input ' | sender | 4ire | receiver . cutput
[

1
s ettt et e

The procedure cttalinad arter transrormatlion is:

$o[wire: ML
Tufy: M)
spla:

! i
N e

. e

H t).Cu,.-Av..? i

‘I .

Sgy

$wire=fy 90 Fwire=iCK;
iG: #wiressc W Fwire=NACK.
Fwirgwild =), sendasr;
sriresNiCl = | 1lq

.7 . £ .y

Fa sinputedy Do dqewire=syAllc " i;

Ry

[y

%o wire: {ACK,NACK) ;
cutTut: 'J‘.

., “p ¢ )y

Yviz: M

, -

$af 1o

r: Fwiressz A0 peirewACh:
o Fwiraegz =0 ywlce=NACK;
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The Formal Ssmantics of Mao~Yeh's CP

MacYeh'!s CP is a language cancept for concurrent programring introduced in

(M71). It is subst ntdally synomymous witiu ADh Zasking. For tae concept of CP
has been more neatly defined in (Mf1), it is chosen as the model in cur discussion
in this paner, The method intrcocduced here can be reacved to deal with ADA Tasking
in an obvious way.

In order to save time, we aecline to introduce the concept of CP in detail here,
Mac.Yeh's paper (MY1) is assumad. Roughly speaking, in a concurrent systen,there
are twe kinds of process: waster processes wmidch receive ctessages; cervant roocesses
which gend messages. Thezy cichange inforzatiens “hrcurh three kinds cf statemente:de
cornect statensnt which the servants use to send messages;ue Porl statement which

the masters use to receive messages fren the servants through some ports which are
buffers; and the discannect statement which the master usas w release the

servants aficr the messazes hove besn msceived. The former two kinds of statements

contain a lis: of parazsterz to indicate the nzmcs of the master,the .ervant and
the port aid aleo come input and input-cutput paremetars to stors the messages and
informations to be exchanged.
(1) Assumptions.
(a) We assume there ars n masters whose nzmss are ml,...,mm; X servants whose
nazss are 8l,.ee,82 and 1 ports plyees,ple
(b) For simplicity, w: assame the parameter lists of all cormect statemsats
. and toe port statements are similar: thoy all have a parameter for theindex:r &
magter i.e. mx, one for the port i.e. Ry, aad one for the servant i.e.sz;
becides, the formal param:ters cf informetions in port statements ars of
fellowing form: ‘
ti.e input forwal paramsters are: il :T1,..,.,ifs:Ts,
the input-output formal parameters are: vfi:T 1, ...,vEft:T-t.

the corTesponding aciual parameters in Coanect statemait are: ial,ees,ia83
and Vai,-se vat,

/3




{c) Tarea kings ol statements to s discusced are of follewing forms:

1. the connect stotement is of the form:

SCNNECT{ mx; n¥; SB; 1al,ee.,288; val,...,vat )
2. the rort siatement has the form:

PORT( wx; TV AL Tl ews if8:T ¢ vEL:TL ;00 ;v8Es T ) *
3. the discormect statoment is: !

(2) syster variables,

wWe assumz the system has been supplied with following variables:

(a) Three counters #Kmg, #Kpy, #Ksz, iuey are integral varibles, their ranges

are: J..n, O..l, 0..k respectively, they ars used to iadicate the index of

tha name of the master, the port, and the servant respectivel, .

(b) Trer: are sevsrcl a.rays of auxsiliary variables:
cw{#Kr )u{#Rpy)- (#K8z )-1 Of type Ti
¢~ {#Kax)~{ #Kpy }-(#Ks2 )-8 of fype Ts
P ¥ ) = (#Kpy )={#Ksz -1 of type PIL' (i.e. pointer of Tit)
p={#Rmx )= #Kpy )=(#Kcz Jut of type P71
x-(#Eex)-(#Xpy)-(#Ksz) of type B (i.e. boolsan)
1-(#%ec)-(#Kpy )-(#Ksz) of type B
ne(#¥mx )~ (#Kpy) of *ype PB (i.e. pointer of beoizon)

(3) Transrorraticne.
(3) corsect gtatement:
| /B(w:-rrmcr( mx; Oy £2; ial,...,1as; val,...,vat )) <>

otc(me)=(py)-(8z )~LufialA. . Aokc=(ax)=( gy )= (82 )msmfias A
ofp-(mx)=(py ) ~(Se )=lavalAe s AOHP={1X)=(py )=(52 )=tevat A
4% () ={1y )= (82 )@ TA 0dl-(mx)=-(py)-(82 )»F;

o= (2x)m(3)=(82): $1-(mx}=(py)-(sc Ymi =] go(zx)=(py)=(82);

g=(mx)=(py)=(22): £1-(ax)=(py)-(82 =T =

%) folloujed by Comditiom wnd Servants names




(b) vort statement:
B(PCRT( mX; mys 1f1:T1,e0.,i08:T5; VELITLY, 00, VELITEY)

CONDITION cond;
SERVANT s:1,...,32q;
: EEGIN &tatexsa’ ENDPCRT ) (-
& o  be(am)-(py): floond)® de(mx)=(py);
F» Be(mt)=(py) : ~cond)= bulmx)-(ay)s
- du(mx)=(vy): #Xw(mx)-(py)=(821)nT = o#ifladbca(rx)=(py)={82l )olAe. A
ofif smpoa(mr)(py)=(821)=sA
oFviimbnpu () (pysa{82l =il oA
ofw, v . mnle(py)-(sz])-tA
Cmimnt - % Sle(mx Y (py =(82L )A

Few N or ? 200

Ge(rx)=(py): xa(mx)-(pyi=(szq)m -« .. wica(mx)={py)=(82 DelAeeen
owifys calmx )= {7 }={523)=BA
g Simadkipe(mx )~ (7Y ) ~(82Q, =20 0 0n
ovvL midpe(mx )~ (py ) =820 )=t A
o { X ) = ( Y )1l (k) = 7 ) = (320N
T em(mx)={py);

e-(rx)=(py): 8( statement );The (m~Cpy);

h=(MO=EPY) ! g (me )l pyr) =( 521 )= T =) Cdshpa (X )m( Py )= 821 )ulndVELAL 0 oA
ofp-(mx)-(py)-{8sl )~tmivEt A
ofx~{acz)m (7 )~ (521 )=FA Tandport;

f ' K=(mx)=(0y); ¥X=(mx)={py)=(62q)mT = ofip=(xx)=(py)=(52q)-L=FrfiAeqs A

offp=(mx)-(py)~(82q )=t vLtA i

ofxm(ax)~(py ) =( 829 )sFATencport:

endport;

(c) disconnect statement: 3(1!) (= oMn-(mx)-(py)=T

I8




Folicwinr example 15 taken from (MYi),
ESxample 2. Ssezaphose
PROCESS saranhore

VAR s: INTOCEP;

1/ FT( serapacre; v )
53!".‘-'.1:\": Sgl,...,Ql.O;
BEGIN

[
.

crmgtl; DXOPORT
/! PORT( sexaphore; P )
CODITION 2>0;
SERVANT gl,...,q10;
EE3N
t
S:msal: EXDPORT
ENDCICIE;
END;
FROCESS i
BEGIN
+eo(processing withcut resource )
CONNSCT (zemaphore; p qi);
++.(using resource)

CONNECT (semaphore; v ; qi);

.+ o(processing without resource)




qi: rL LE R

i The transfccmation ruies given in (3) applied to this CP program hes follcirinz resull:
sem:{ %io{s: I;

{a | ors=1.tcyele;

T\s o—(sem}-(u)f?. be(Bam)-{¥];

cycle:
be(sem)e(7) hde(sem)=(v};

d-(382)=(7) :#x=(56m)=(¥)=/1)=T) ofn-(Een)-(v)wl-(sem)u(v)u(l Inly tnlzem)=(7)
d=(882)=(v) :#x=(Eem)~(7)=(10)=Ts ofn-(sem)=(v)=l=(sen)=(v)-(10 M, e=(sem)(v)
8-{zem)=(v): [Ofine(s2m)-(v)=T; cfga#s+l; Tvh=(zen)=(v};

he(seu)e(v): ofx-(sem)-(v)~{1)=Fufcnd;

be(sem)-(p}: #520 (2 d-(sem)-();

be(sem)-(p): #5%0 2/2 bw(gen)=(p); A

a-(cem)e(p) :#x=(sen)=(p)~(1)=T% o#n=(sem)-(p)=l~(sem)=(p)-(1 Mile-(sem)=(n};
d~{sem}=({p) s#x-(sem}={n)={(10)=Ds orn={sem)w(p)alelsen)ul{p)-{i0)-fi(sem)={1);
e-(gom)-(p):[otinw(sem)~(p)=T; ofga$s=~1; Iqh-(sem)-(pﬂ;

b-{zem)~(p): ofx~(sem)a(r)~(1C)=Fend;

end: T.,cycla ] 3

%2 [ Ct‘x-(sen‘:)-(p)_(i)-fr,\ ofl~(8em)~(p)=(i)=F;

ge(s2m)~(p)=(1): #le(sex)=(p)-(i)=F Ty g=(sem)-{pj={i)3
g-(sem)w(pl=(i): #l-{senj=(p)~(i)=? =
oite{sen)=(v)={1)=T A ofl-(sent)=(v)~(i)=F;
g-(sem)=(v)=(i): #1-(sem)=(v)=(1)eF = 1 g-(sem)=(v)-(1);

g-(sem)=(v)=(i): $l-(sem)=(v)-(3)aT =

1]

inkiCas.

AT St

Of course, in this exarmple there are mamy informaticns e.z. sem cas be omiited,
In ovder to enforir veadeh bty we wele the 1umes cf Re maslar wad e ports nstaad i ey

11




Acknowledgement: This work wes done at losl summer curing oy visit to The

Department of Couputer Science, University of Maryland, Colleze Fark, Frof. Raynong,
T. Yeh hzd done a lot of help to me. The author is very grateZul itc hiz and 2lsc io
Prof, H., ¥ills Zor their friendly encouragement. I also enjecyed mch discussing the
concurrency prceblems wth Mr, B, Chaen during rmy visi: there. BEis warm nelp to 2 is

appreciated.

- REFERENCES
(AFR1) Apt, X. et al. A Proaf System for Ccrmunicating Sequential Procsss.
TPPLAS wol.2, no.3, 1GE1,
(_CCl) Cousot, F. arnd &, Cousot, Semanzic Analysis of Commnicaiing Sequantial Frocess,
CRIN-BO-P033 1980,
(F1) Frances, Y. et al. Semantics of Nondeterminism, Concurrency ana Cozmunication.
J. Comp. Syst. Sci. vol 19, 1$79.

(¥1) Hoare, C. A. K. Cosnunicating Sequential Process. CACM vol, no. o. 197z,

(I1) Iehbizn, 4. 3. et al, Freliminary ADA Reference Manual. SIGPLAK YNotics, June 1679

(11) lamport, L. Time, Clocks, and the Ordering of EIvents in a Distributed System.
CACY vol. 2i, no. 7, 1376.

(MY1) Mao, T. W. and Y. T, Yeh, Commmnicatien Port: A Language Concept for.Concurrent
Frogramming, IEEE Tran. on Softw. 2ng. vol. 58-0, no.2, 1560,

(TL) Tang, C. 5. Toward a Luified Logic Basis of Frogramming languages, To appsar as
Techn. Kept. of Dept. cf Comp, Sci. Stanford Univ. 1981,

(T2) , A Hierarchical Specification~directed Program Design Methodology. Draf

igel.

(ZH1) Zhou C. €. and C. A. A. Hoare, Fartial Correciress cf Comrunicating Sequential

- N . il - A -

Processes., S: . i wto Vb o Lt YeTo

SRS







